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6000 Highland Dr, 
Vancouver, Wash. 
Jan. 5, 1976 



Mr. Curtis V. McVey 
State Director BLM 
Anchorage, Alaska 

Dear Curt: 



re: 7380 (933) 



In accordance with your letter of May 23, 1975 re: 
Personal Service Contract No. 52500-CT5-87 with 
J. Marvin Rosa for "Mapping Critical Permafrost 
Areas in Taiga Forests of Interior Alaska " 1974-75. 
The attached report is forwarded from Ole Olson, 
Soils Consultant, for the information of Lyle Linnell. 
An outline for the entire report is attached (to 
follow the instructions in your letter^* the attached 
report on Soil Erosion Potentials should probably 
be included under the heading: Discussion and 
Conclusion or Summary. 

I am awaiting comments on my letter of 11-20-75 from 
Lyle before sending a draft of my section on "Maps". 
I believe that a copy of Ole's Monograph is so 
excellent that it should be sent to Wash. D.C. 
in appreciation of their early support of this 
project. Does Welker and Davis still work in W.0»? 
I await your instructions. 



Regards, 




"*. MarvinM Rosa 

Forest Hydrologist (retired) 

End: 

Draft Report "Soil Erosion Potentials" 

by Olaf Olson, Chief Soils Scientist (retired) 
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CONCLUSION 






AI?J^ ACT 

In scientific literature, Permafrost hos been classified 
broadly on the basis of temperature zones around the Arctic >/orld. 
The temperature of the ice underground (30*-*50*) is 12''-J6T» 
under Arctic Tundra in a continuous zone Vv-here annual air temp- 
eratures average iO''-2U'^F» and the ice J-S 23'"'-30'*F# in interior"7 7 
Alaska Forests in a discontinuous zone where dlr is 20''-32''F** ' ^ 
Permaf rost-^iree ^reas with only isolc^ted ice masses at above ; 
30 ""F. occur wit)i uir 32 ^'-34 "-'F. 

Tnis project v/ds funueo in 1974 to map these zones in a 
detailed (l''-^lmi») elevation.-l aspect along accessible hiqhv/ays* 
CriticcLl permiitrost temperatures occur in a narrow ^one where 
the ice would recede if tiie surface insulation was disturbed • 
This zone is locaited by adjustinq observed air te^mperotures 
for slope-aspect and elevation using lapse rates of -3# S'^F/lOOO • 
in summer and winter inversions of 10»S'F/1000 feet. If qround 
temperatures average G^'F* warmer then the oir, then the zone of 
25''to 27* F» would be most critical; that is, 25''I'» plus 6^*P« 
equals 31 ^r'* or incipient melting. 

vVithin tills zone during the summer of 1975, field v.^ork 
located the fine-qriined deep soils w^ith poor drtiinacj(=', w^^lich 
infers tluit ^-^uiexs'' a.cxncj and potential thermal erosion could ^ 
follow as the land slumps into "ThermokDrst" terrain. The micro- 
relier pattern on the hummocky land surface is barely discern- 
able on large-scale aerial photos used for timber surveys. 
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SOIL ^ROSIOH POTENTIALS 

A reconnaissance v^as conducted on wild land 3 within the 
;; discontinuous and sporadic permafrost areas of Interior Alaska* 
One of the principal purposes v;as to appraise soil erosion 
potentials or ha:^ards in general and therniokarst--ini tinted 
gully development in particular* As used here, thermokarst- 
initiated gully development potential refers to the suscepti- 
bility 01 an area to develop, first, karst-like qrcund features 
through rapid thawing of the near **surf ace permafrost and secondly, 
with the aid of running water^ further develop the thermokarst 
features into active^ down-cutting qullies. Because In brief 
\ periods of time some cjuliies having thermokarst orioins have- 

' ^l^W reached alarminq oroportions .and because the prospects forx. _ 
r^ ^^exposincj the near-surface permafrost to rapid 'thawing is -^^^ - ^-^^ 

{ constantly increasing: ^ it is important 'that potentially 

-critical soil erosion situatit>ns be recognised on the ground 
I as soon as possible^* The primary concerns of this field effort 

were the characterization and categorization aspects of this < 
\ resource problem* 

Field K e t h o d s ^ Hand shovels were used to dig sampling pits 
f to expose the organic and mineral soil horizons for examination. 
^ c {J^^^^ Four foot Uoxta i^^eel rods^were used to probe the subsurface 
f Ykorlzons in the vicinity of the san^plinq pits to determine 
variations in depth to specific horizons or materials (as 
identified in the pits) cuch as qravelly or stony materials, 
the permafrost table, contrasting textural changes, and so 
forth^ F^oth disturbed and undisturbed sites were examined 
to/learn^^poarent oauz.€t and effect relationships* nrosion 
^^ problem areas were particularly souqht out* Undisturbed, 
shovel^^cut samples from a few selected sites were taken of 
the moss and upper soil horizons for moss and lichen identic- 
fication and for more detailed examination of these materials. 



For the most part, however, horizon *p^<^P^^tles and features 
were guided by stanoards of U»3*D»A* soil survey procedures 
£Agric» Handbook No* IS], v^ith one exceotion^ — that concerninq 
the ^ero reference line for hori^ion measurements* For all soils, 
^ ground surface (i»e», top of the moss layer) was used as the 

zero reference* Axn^^nq other thinqs, this procedure eliminated 
the need for two zero references (one for mineral soils, 
anot^ler for ox^ganic soils) an6 probe measurements became 
directly compatible in ell situations with pit measurements* 

TherntCkarst^-lnltiated Gull vino. Carly in the reconnaissance, 

iiii II ■!■ ■- II ■■ T n ■- ■- ■■-■■ - ■■■■I . -^ .. ..-^ -.. .. ^ 7 

observations and reports from others indicated that most of the 
r wildland soils are well protected from v;ater erosion by a thick, 
^ tough mat of iUosses and lichens a,nd that the most damagincj soil 
f- erosion problems originate as thermal erosion* P*^& [ 9 ] 

L noted that cullies form in silty soils on slopes where surface 

waters are channeled into pits initially formed by melting of 

\ ground-ice masses* Kelloggand Kynard [ 7 ] stated that: 

/ ^'Special kinds of gullies are initiated by the melting of 

\ ^^^^\ i<^^ blocks in permafrost* Although such gullys superficially 

<^ }-^^\ resemble ordinary gullies, little or no soil material flows 
V" - j^,-^-^ . ^ 
J ^. t^' I from them. Yet if the contour of the land is such that sur- 

^^ ^>^^ face runoff does cjet concentrated in these gullies, they may 

/'/ 4^^ deepen an^d become ordinary gullies'* 

^ I ^ Several other investigators have reported on subsidence-thaw 

problems and the development of tliermokarst features or topo- 
graphy [5,6,11,22] but soil subsidence is not equated with 
soil er'oslon per se« Soil subsidence may lead to soil erosion 
but collapse in itself does not meet the useual definitions 
of soil erosion* 

Several '*Thermokarstic*^ gullies and the beginninqs of 
such gullies were examined in the field* Because of their 
value in appraising this soil erosion cateciory, each is briefly 

/ described here, and is supplementary to the field data Table; 



(li N* GOLDSTREAM GULLY (nedx Staixkrd)on Alaska RR»K?-439» 
This large qully had its beginnings in 1966 on a 
tractor-^cleared firebrecik, the clearing of urhich led to 
permafrost thawing and subsidence^ Presently the qully 
is about 1*5 miles in length* A cross section near the 
lower end was estimated to be 20 feet deep and 25 feet 
wide at the ground surface* Because of bank slumpinq 
and deepening by v^ater erosion, its? cross section shape 
is roughly a V» The largest cross-sectional area is lo- 
r cated near the mid*-length position* At that point it is 

about 30 feet deep and 50 f^et wide. Further upstreatrn, 
r p^^^'^K^ <3ua the cross section becomes smaller again— .-about 10 feet 
^ A^^l___--^deep and 15 feet v^ide. Prominent cracks appear in the 
^_ exposed mineral soil, cracks that run parallel to the 

guliy*s edges for much of its length* Bank collapse is 
common. Short side gullies and the beginnings of ^sidq 
i '\^ gullies ^re in places oriented at right angles to the 
axis of the main gully* 
15 The permafrost was examined under what appeared to 

I ' - be a polygon channel at a location some 10 feet back from 
the gully* 5 edge (refer to site #74) in the vicinity of 
the lowest cross section mentioned above* At 18 inches 
below the surface of the ground, ice lenses and ice 
I masses were exposed* The ice masses were irregularly 

shaped but their surfaces were smooth, hard, and rounded.^ 
\ Depths to various portions of the karst-like surfaces 

varied from 18cinches~^o 30 inches and more* At one 
(point, between adjacent ice lobes that were about 6 inches 
•d>^^apart,?^was"" a void that measured 12 inches dceo and extended 
/^ /horizontally another 12 inches before disappearing under 

v_.one of the ice lobes* Another examination v/as 4ade (refer 
to site ti75) some 10 feet away, at a right angle to the 
I channel in the polygon mound* Permafrost /was at 13 inches 

but it contained no visible ice* 



(2) S.GOLDSTREAM GULLY (near Ohio |:reek ) on Lumber Co* Road. 

This gully developed in a black spruce burn of 1966 but 
•appears not to have been otherwise disturbed (no firebreak). 
The age of the larger black spruce seedlinqs- in the vicinity 
is about 5 years. It is nat a lonq gully but several head- 
cuts (a compactly branched system) -are involved, each being 
about 6 feet deep and 6 feet wide. The gully edges are \ 
extremely irregular and moss mats or layers overhanq the 
undercut portions. Some ground cracks are oriented at 
right angles to the edges of the gully but others are 
parallel. The landform upon v^hich the gully has developed 
is a gently sloping (5%) north-facing valley slope of 
probable colluvial origin. (see' site #55 for other details). 

A firebreak had been bull*-doeed in the vicinity at the 
time of the burn. The ground had heen completely scalped 
of the moss mat but no portion of this firebreak has any evi-' 
dence of degradation due to permafrost thav^^ even though iden--. 
tical or at least similar soils, slope gradients^ and aspects- 
are involved. Apparently it is the presence of *'ice-'rich** 
permafrost in an old drainage channel that makes the differencd 



(3) LOGGING CABIN CREEK GULLY (Chicken burn ,Mt»Fairplay)TaylorHwv. 

Like the Goldstream gullyj this one also developed on a 
tractor-^cleared firebreak* The burn from Chicken to Mt»Fairplay 
occurred in 1966»— The gully length presently is estimated at 
about 100 yards, A lower crross section is about 10 feet d^ep 
and 25 feet v/ide» The maxin^um depth is about 20 feet which is 
reached at a point below the mid--lencth position* The viully 
v**alls cire actively collapsing and enlarging its cros.a-sectional 
area* It is not likely^ however, that its length will increase 
appreciably because the gully already crosses t!ie entire foot-- 
slope* The mouth of the cully levels out onto Bn alluvial 
meadovv* and the upper end the upper end is hesdcuttinq (very 
slowly) into a 20**30 4 hillslope that is underlain at shallow 
depth^i with schist bedroclc* The footslope into v/hich the 
gully has advanced has a slope gradient ranging betv/een S and 
10% and has a west aspect* The adjacent vegetation is an open^ 
low«-grov;inq black spruce stand, under v/hich an ice-^rich, highly 
organic silt loam was encountered at 13 inche^s* (see site #45)* 

The volume of sediments that are deposited on the 
rneadov^ are* minor in relation to the volume represented by 
a gully of these proportions. Some of the sediments, of 
course, could have hee^n v^ashed downstream -but, nevertheless, 
reports regarding the quick initial development of such 
gullies, lead one to accept the fact that rapid ground-ice 
melting played a critical role* 



1/ Chicken Burn: 1/22/ BS - 20,000 Ac* 

a/02/66 -200,000 Ac* 
9/13/66 -250,000 Ac* 



(4) CU^i2!AN CREEK (within the WicHersham Experimental Forest)* 
A relatively small gully^ — averaqing perhaps 2 feet deep, 

4 feet v^ide, and about 100 feet long — has developed in a 
bulld02:er--cleared firebreak* The head of the gully has coll- 
apse characteristics— irregular edges, steep v/alls with over*- 
hanging moss mats #in placeSi although water erosin and time 
(v«ickersham burn was on 6/25/71) are snioothing some of the 
original abruptness* Sc^diments are being water^-tremsported 
to the creek valley bottom# The landform upon v/hich this 
gully occurs is a colluvial footslope, is vest-^facing and has 
a gradient ranging from 8 to 12%* (refer to site #102 )• 

(5) HORSE CHSSK (VJashington Cte^ek burn of June 1975) 

A collapsed sink or pit has developed in a bulldozed 
firebreak on a 15% v;esterly-f acing, colluvial footslope» 
The sink dimensions at the time of observation (3ept# 1975) 
were approximately 2*5 feet deep, 6 feet wide, and 10 feet 
longe Near one edge of the pit. permafrost v/as encountered 
St 22 inches with its frontal surface smoothly rounded and 
curving dovv*nward under the sink* The frozen silt loam 
contained many ice crystals and thin ice lenses* The adjacent 
ground surface was marked v/ith many cracks » Smaller collapses 
or sinfts occur at scattered intervals over the entire portion 
of firebreak on the footslope* (refer to site -92 ). 

The permafrost under a slightly depressed polygon 
channel was examined in the unburned area adjacent (and 
below) the above described sink* Here, too, the frozen 
silt loam v;as encountered at 22 inches but varied considerably 
locally because of the karst--like character of the '*ice-rich*- 
frozen material* (see site f^93)• 






V- 






ThmsB ^l^^nchmark** eMamplQS of tliermokarst-ralatad 
gullies occur on two landform groups Imt thm soil coi^plexes on 
both appear to be similar* In tha !!• ^llcistre^ burn (Standard) 
and th© S# Goidstream burn COhio Creak )^ gullies occur on breads 
lot^ gradi^it (4«*5%)^ loesa**blanketod valley slof^s* Under poly- 
gon channel positions » the silt lo^a subsoils ara mottled t 
©lightly plastic to plastic ^ are saturated^ and overlie karst** 
like massive ic€« In the polygon mound positions § the silt . 
loam subsoils itre grayi3!> and friable^ are moist^ end ovarii© 
frozen soil of tho s^e kind* lagging Cabin Creek C Taylor Hwy^ 
in Oiicken burn?^ Cuahman Creek and Horaa Cre^k CBlliott Hwy* in 
Kickersham tmm) gulliee ail occur on narrow footslopes with 
slo|^ gradients varying frc^ 5 to 20^« Tne eilt lo^a subsoils 
arm slightly plastic^ mottled^ saturated^ and overlie karat- 
like ice masses or ara friable^ moist and overlie frozen grayish 
eilt loi»*-^ all depending on whether one is examining channel 
poaitions or mound positions* Perhaps instead of stating '^iiKJund^' 
positions I a more accurate term may ^^ ''non*<:hannai'^ ^sitions 
since the mounds aro indistinct* Attention ia focused on the 
channels**"- whero tiioy occur* 

Botli iandform groups are believed to have much ground** 
ice in polygon patterns but t of ten as not> tha pi^lygona are 
poorly defined and difficult to detect* Purth^^n^re^ the poly« 
90ns apparently occur in dispersed fashion* For ox^nple^ on 
^Id^trea^ bum it ^as observed that severe soil subsidenca may 
or may not talcs placa following thawing of th© permafrost on 
lands that <rfiaracteriBtically contain much ground«»ica* Such 
lands ft according to Ptost £ S 3^ ara of low to^i^raphic position ^ 
have thicfc silt loam soil mantles, and have a source of crater* 
Thm C^ldstrae^ burn area has these criteria including tlia water 
source* Occupying a transitional position betwaen the higher- 
lying hillslopes and the lower^lying creek betters, these soils 
r^:aive eaapage water and a plentiful buildMip of ground*«ice 
c^i be existed* 



7 



Areas similar to thes@ exai&pXes, thorit are given a 



y 






V *^High** hazard or jKJtential rating. Somewhat similar aureas, 



either having most of the alxi^ve characteristics or are closely 

associated with thermokarst conditions or have other significant 

characteristics so a& to m^km th^ at Xeaat suspect, are givan 

Moderate'* ratings* *'Low*^ ratings are assigned to thoea sites 

that would appear to hava little or no opportunity to develop 

thermokarst-initiated gulliaa^ 

Mon*^ThenBotearst_GuIlyinq » An occassional gully wns observed 

on firebreak areas constnictad on soils not having permafrost 

or at least not having permafrost near to tlia Burfacmm 

Considering that f irabraaka mor^ frequently than not end up 

yilth a faw tracks that catch and concontrata surface runoff t 

the haggard for purely fluvial gully development is raal 

indeed on such araas* 

Because of the widespread presence of soils with 

parmafrostt moat of the soils in this reconnaissance are not 

rated for thim typa of gully hazard* '^ose that ara rated^ 

however t were rated by the following guides s 

High |x>tential*^ the deeper Ci^re than 30**) loassial 
or Ioe5s«<:app0d soils on hill0lopas# Because 
« gullies can cut deeply, the severity of this 

/{ . problem is here the greatest* 

ryf Hoderate potential— medium depth Cl0--30^*)loossial 

or loess«<:apped soils on hill slopes and valley 
slopes with gradients as low as 4^5^# Kod#«- 
severe limited to shallow depths* 
Low potential-^ less thim 10** of silt loam over 
gravelly or a tony » plastic horizons » or bed- 
tock^^n flat lands* Rill stage only* 



, She@t gjtpslon Fot-€?ntlal3»^ Previous investigators havo 

reported on the highly erodlblo nature of th® XoessiaX 
goiXs Ifi Alaska and thm emms& water ©rosion hasards 
created ^-an thm protective m^&m coi?ar is r^aoved^C?^ 11,12^203 
Oijsarvatloss of this raconriaiee^^c® ar@ is accord %?itli th©©@ 
appr^iaala* Site silt Io^^«^l»r<lerift-g oa very f laa sand*/ 
io^s*i«*soii surfaces am only w^^ly mgg^Bgntmti asd wh^a 
eM^^^t tfm aggragatas are ©aally. detach^ and trans^ 
parted 2>]f rainfall and ayrf ac® mmof f « Exemptions to this 
g^noraiity are tho soils ha%?i«9 cjra^Qlly sad/or sto^y 
ffiaterlals ae ^e first einerai horiaont or %m^f nearly 
ao^ t^a org^iic .^>ils$ and t±^0s# on m^s^l^ flat surfaces 
i^ere %^ashifi9 do^s not mimrt mmch oi a fer«iE|x^rt foirca^ 



^-^ L=-i.i^'L O^' L^^i liutxiO^:^ 



\ 



The previously discussed thermokarst-initiated gully 

erosion areas fall into two mapping units of the E xploratory 

Soil Survey of Alaska • The first mapping unit: ICF- I AHP 

2m Im 
is described as an association occupying: 1/ 

"rolling to steep uplands in the Tanana Valley''^ ICF/2m 

is composed of well-drained, loamy, brown soils with 

lenses of fine grained materials and has no permafrost* 

The lAHP/lm component is composed of poorly-drained soils 

with peaty surface layers and has ^permafrost at shallow 

depths* These soils occur on footslopes and in valley 

bottoms; vegetation is black sprmce forest or dominantly 

sedges and mosses; texture is silt loam* The Coldstream 

burn gullied areas would be included in this component, 

-^xjc^P^^^^^ a^;^domponent~)Which makes up some 30% of the total area of " 

the mapping unit* 

The second mapping unit noted is: ICT ^ l AHP 
which is described as an extensive ^ 
association in: -^hilly uplands of east central Alaska". 
The ICT/2g component is composed of v/ell-drained brown 
soils, not having permafrost* The lAHP/lm component is 
composed of, again, poorly-drained soils with peaty surface 
layers and have permafrost at shallow depths; but in this 
mapping unit, these soils occur in valley bottoms, on long 
north-facing footslopes at lower elevations, and on rolling 
uplands at higher elevations. The Wicker sham and Chicken 
burns would be included, broadly, in this component, a 
/component which makes up some 25% of the total area of 
tHe^m^'pping unit. 

Thus, portions of components of certain mapping units 
of the Exploratory Soil Survey of Alaska can be recognized 
as having high potentials fot thermokarstic gullies* 

l/ The classification names of the above symbols are: 
*^ ICF/2m = Aefic Cryochrepts (2m « 12% slopes, med.text.) 
IAHP/lm= Histic Pergelic Cryoquepts (lm=--12%, '* " ) 
ICT/2g « Typic Cryochrepts (2g « 12% slopes, very grav*) 



AERIAL PHOTOS 
(Interpretation of near*-surf ace massive ground*-ice in forests«5 



A comprehansive report concerning the photo interpretation 
of soils and permafrost conditions in Alaska was prepared in 
1950 by Purdue University for the Corps ♦ of Engineers • C 5 3 
In it, the iollov^ing statements appear: 

1«> One of the most significant features of permafrost 
regions in i^hich detrimentally fro:^en soils abound 
is the presenci^ of soil polygons* 

2n Detrimentally frozen soils are those in v;hich a large 
percentage of the soil mass is ice in the form of 
lenses^ wedges, veins, or large masses of ground ice# 

3« Polygons undoubtedly occur v^idespread throughout the 
timbered areas but are difficult to find because of 
the dense vegetation cover ♦ 

Following soma examinations of soil polygons , or portions of 

soil polygons in relatively open^growing black spruce^ an 

attempt was made to photo interpret the location of additional 

similar conditions near Pairbanks«r UsinQ available 1:12,000 

photography^ three timbered areas were studied and four 

locations ^ere pin*-pointed as possible portions of soil 

polygons** These vmra then field checked and the sites are 

described as #94^#95j#96,a#104 in Table 

Ab it turned out^ The channel (i«e«9 a polygon channel) 
at site #94 was a small ordinary drainage channel which vms 
underlain with ice-^rich permafrost at 16'* ♦ At site #95, the 
channel was underlain with extremely stony material where 
ice could not be located* At sita #96 , the channel was one 
of a pair of vehicle tracks in an old trail; ice crystals 
^ere found in the frozen soil at 14'% Site #104 t^as a 
huj^ocky area under which at 21" the ice lenses and crystals 
In the frost^n soil were estimated to be somewhat less than 
S0% by volume* 

These preliminary at t tempts were lass than coispletely 
successful « However, interpretation of large^-scBle aerial 
photos appears to im possible # 



!♦ Beikman, Helen M. Preliminary Geologic Map Alaska, USGS,1974. 
*2# Brown I Rodger J«E» Permafrost in CaAada, Univ.TorontoPresl970 
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3» Dingman, S»L» Relations Among Vegetation, Permaf rost. i» • 

^.of Arctic-Alpine Research, 6:l,p«37-47 1974 

4» Pairbridge, R»W« Encyclopedia Geomorphology,Reinhold 1968 

$• Frost, Robert £• Evaluation of Soils and Permafrost. • • 

Vol. 1-2, Engr. Exp, Sta», Purdue Univ., 1950 

6e Hamelin, Louis E. Illustrated Glossary of Periglacial. • . 

Laval Univ. Press, Quebec 1967 
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?♦ Kellogg, C. E. 
8» Pewe, T» L. 
9. " 
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lie Rieger, Samuel 
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13. Tricart, Jean 

14. Tsytovich, N.A« 



Geomorphology of Fairbanks Area, Alaska 
Stanford Univ. , ^ 1952 

Effects of Permafrost on Cultivated. .» 1954 
In Mineral Resources, 51-53, USGS Bul989 

Thaw and Erosion on Vehicular Trails.. 
Jour* Soil Water Consv*,28:6 1973 

Soil Survey, Fairbanks Area, Alaska, 

USDA Soil Survey Series 1959, No. 25 1963 



USDA Soil Survey Series 1973 

Geomorphology Cold Environments... 1970 

McMillan 



^ 15* Viereck, L.A- 
16. •* 
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18* " 
19* " 

20., 

21» Washburn, A.L. 
22. Zoltai, S*C. 
Pettapiece,W.W. 



Bases and Foundations on Frozen Soil, 1958 
Highway Research Board, Spec»Report58, 

Relationship of White Spruce to Lenses.. 
Jour. Arctic Inst., 18:4 1965 

Soil Temperatures in River Bottom Stands . . 
Proc. Helsinki Symp. 1970 

Forest Succession and Soil Development... 
Arctic-Alpine Research, 2:1, p. 1-26 1970 

Alaska Trees and Shrubs, Ag.Handbk4 10, 1972 

Ecological Effects of River Flooding. .1973 

IN Permafrost: Nat. Acad. Sci. 

wildfire in Taiga, Jour.Quat.Res.3: 3 1973 

Periglacial Processes, St. MartnsPr. 1973 



Terrain, Vegetation, Permafrost... 
Report 73-4, N. For. Re s. C tr. , Edmonton 
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